The gall midge Obolodiplosis robiniae is a pest of black locust Robinia pseudoacacia. The species was recently introduced into Europe and it is nowadays a usual insect in Slovakia, where two-year field surveys were undertaken during [2007][2008]. The main objective of this study was to determine the natural enemies attacking O. robiniae and estimate their influence on midge population, less than 3 years after its introduction. Eight parasitoids and bushcricket Tettigonia viridissima were responsible for midge regulation. The parasitoid complex was not typically that of an introduced species as it was predicted. Firstly, the midge was heavily influenced by a specialized parasitoid Platygaster robiniae, which was a predominant parasitoid and accounted for 98% of all specimens reared. Secondly, annual larval parasitism varied from 5.4 to 10.8%, though the late season average parasitism achieved 26.0% and often exceeded 40%. P. robiniae was also very efficient in exploiting galls and was capable of consistently regulating midge population. The surveys demonstrated that the average cumulative impact of natural enemies on the midge was substantial. Stably around 20% of attacked galls were recorded during the late summer. Bushcrickets were as efficient as parasitoids and played an important role at control, especially during lack of parasitoids. Greater impact of parasitoids was found in the larger settlements than it was in the countryside, when countertendency was valid for bushcrickets. There is an indication that O. robiniae parasitized by specialized parasitoid, and attacked by bushcrickets represents only a moderate risk for R. pseudoacacia or forest stands.
Introduction
The black locust, Robinia pseudoacacia L. (Fabaceae) is a tree native in eastern North America, but cultivated in Europe for more than 400 years (Dünisch et al. 2010 ). The species is among the most widely planted trees in the world (DeGomez & Wagner 2001) with dramatic impacts on nitrogen cycling in forest systems (Rice et al. 2004 ). More than 75 insects are known in North America to have R. pseudoacacia as a preferred host as well as those commonly encountered on the tree (Hargrove 1986) . A variety of new insect pests of black locust were accidentally introduced to Europe (Csóka et al. 2009 ) and some of them, especially leaf miners Phyllonorycter robiniella (Clemens, 1859) and Parectopa robiniella (Clemens, 1863) (Lepidoptera: Gracillariidae) have spread and established itself as a part of European fauna (Šefrová 2003) . The last invader, gall midge Obolodiplosis robiniae (Haldeman, 1847) (Diptera: Cecidomyiidae), was introduced into Europe in 2003 (Duso & Skuhravá 2003) and rapidly expanded its range over the past 6 years (Skuhravá et al. 2007; Pernek & Matošević 2009) . Obolodiplosis robiniae larvae form the characteristic leaf margin roll galls, which contain 5-6 larvae on average. Clear description of the life cycle of this multivoltine species provided, e.g., Barnes (1951) , Kodoi et al. (2003) , Duso et al. (2005) and Skuhravá et al. (2007) . The most frequent infestation ratio of black locust by O. robiniae fluctuated from 10% to 30% in Slovakia (Tóth et al. 2009 ).
Biological invasions are global threats to biodiversity and parasites might play a role in determining invasion outcomes (Prenter et al. 2004 ). The high population densities are typical feature of introduced species in their new location. Escape from the effects of natural enemies is a frequent explanation given for the success of introduced species (Torchin et al. 2003) , Cameraria ohridella Deschka et Dimic, 1986 (Lepidoptera: Gracillariidae) is an example (Klug et al. 2008) . On the other hand, the parasitoids were found to have a strong effect on the abundance of Ph. robiniella and Pa. robiniella (Csóka et al. 2009 ). Also, parasitoid complexes of invaders are generally less rich and contain a higher proportion of generalists than those on native hosts (Cornell & Howkins 1993) , what is well-documented for both leaf miners on black locust (Stojanović & Marković 2005; Csóka et al. 2009 ).
Obolodiplosis robiniae populations in Europe are affected mainly by a parasitoid Platygaster robiniae c 2011 Institute of Zoology, Slovak Academy of Sciences Buhl et Duso, 2008 (Hymenoptera: Platygastridae) (Buhl & Duso 2008) . The majority of Platygastridae are koinobiont endoparasitoids of immature Auchenorrhyncha, Sternorrhyncha, and Cecidomyiidae. Platygastroids are small, ranging in size from 0.5 to 12 mm in body length, but most are less than 2.5 mm. A number of species have been used as biological control agents with notable success (Austin et al. 2005) . No native predators such as ants, bushcrickets and birds were reported on black locust invaders in Europe until now.
Natural enemies are pervasive in biological communities and are implicated as being keys in biological invasions (Prenter et al. 2004) . Therefore, the aim of this study was to provide the first crude assessment of natural enemies' impact on the outcome of O. robiniae invasion. In particular, we investigated: (i) natural enemies' assemblage and their potential efficiency under the natural conditions; (ii) plausible predators feeding on galls and subsequently their effects on the gall midge population across the season; (iii) parasitism and predation rates; (iv) differences in parasitism and predation between towns and villages. Moreover, the following general hypotheses were tested: (i) that the invading species are attacked by few species of parasitoids; (ii) that the parasitoid species which colonize the new host have a wide rather than a narrow host range; (iii) that exotic species are usually not very attractive for native predators.
Material and methods
To record the presence and impact of natural enemies of O. robiniae, different sites throughout southern Slovakia were studied during 2007 and 2008. Most sites were located in the Danube Lowland (southwestern part of Slovakia) and Eastern Slovak Lowland (southeastern part of Slovakia) (for details see Tóth et al. 2009 ). Sites were defined by a tuft of black locust trees. The sites were situated mainly along roads, around and within towns and villages but also in the countryside.
A total of 148 different sites with occurrence of O. robiniae were surveyed in July, August and October 2007. Selected sites were checked and serviced twice a year according to Tóth et al. (2009) . Briefly, samples of 30 infested black locust leaves were collected from the lower twigs up to 2 m height above ground and placed into plastic bags at each site. The collected samples were taken to the laboratory and analyzed. The total number of leaflets and the number of galled leaflets were counted for each leaf in the sample. Galled leaflets were screened for the outside sign of predation at the first (more see at the end of methods). Subsequently, galls interior of the rest of galls was checked for symptoms of parasitism, i.e., occurrence of parasitized larvae (parasitoid larvae or pupae visible inside larval body). These galls were further considered as preyed (the first) and the later as parasitized. Rates of O. robiniae parasitism or predation were calculated as the number of galls attacked by parasitoids or predators divided by the total number of galls collected. Results were presented as mean ± standard deviation. All galled leaflets were placed by 10 to the plastic boxes with perforated top for aeration and held in laboratory at room temperature until the parasitoids emergence.
Emerging parasitoids were regularly collected, stored in 70% alcohol and identified.
Nine sites, where infestation ratio of black locust by O. robiniae ranged during summer period from moderate (16.5%) to high (52.7%) (Tóth et al. 2009 • 08 E; 187 m a. s. l.) were visited biweekly from the beginning of May, one week after appearance of the first galls on leaves, till the beginning of October. On each sample date, 50 galls were collected and placed into plastic boxes. The samples were taken from black locust trees at random from the lower twigs up to 2 m height above ground. The collected samples were transported to the laboratory and analyzed. Galls were screened for the outside sign of predation at the first (more see at the end of methods), and noticed as preyed galls. Subsequently, number of larvae, parasitized larvae (see above) and pupae were determined for the rest of galls in a sample. Galls with symptom of parasitism were noticed as parasitized. Afterwards, all galls were placed by 10 to the plastic boxes and treated as mentioned above until parasitoid emergence. Rates of O. robiniae parasitism and predation were calculated similarly as in 2007. Besides, to provide some information about the quantitative relation between parasitoids and O. robiniae, the level of parasitism was calculated following the procedure mentioned by Grabenweger & Lethmayer (1999) for C. ohridella with some modifications. Parasitism was expressed as the number of parasitized larvae by sum of larvae, parasitized larvae and pupae. This procedure provided only crude estimates of the parasitism, however, it was considered adequate for the purpose of the survey.
Traces of predation such as various irregular, ragged holes in the surface of galls were examined in the course of study. These galls were emptied. As it was very rare to see insect preying upon galls, trees were investigated more carefully for another 1 hour in the morning and 1 hour in the late afternoon at few locations. Exclusively the big green bushcrickets (Tettigonia viridissima L., 1758) (Orthoptera: Tettigoniidae) were found to prey upon galls. Few insects were caught by sweeping, placed singly to the plastic boxes, transported to the laboratory and reared on fresh galls two weeks to assign the damage of galls and confirm feeding on O. robiniae larvae.
Results
Natural enemies of Obolodiplosis robiniae consisted of eight hymenopteran parasitoids and a predatorbushcricket, Tettigonia viridissima. They showed a significant negative impact on the gall midge population under the natural conditions of Slovakia, whether in conjunction or singly (Figs 1, 2) . The impact of natural enemies was evaluated at 148 sites; bushcrickets were recorded on 76% and parasitoids on 79% of them. Despite of outstanding presence of symptoms, T. viridissima was rarely observed to prey on galls in the field. Bushcrickets distinct searching and feeding behavior was confirmed in laboratory. Tettigonia viridissima was able to locate galls, bite way in, eat off the larvae, and survive on this diet more than two weeks. The composition of the parasitoid complex and relative abundance of the different species is shown in Table 1 . From a total of 1,411 parasitized galls, 1,144 parasitoids of seven hymenopteran families were determined. Platygaster robiniae had exceptional position from among parasitoids. The species dominated the spectrum in every respect during the entire study, mostly up to a level of 100%. Therefore natural parasitism of O. robiniae is almost all about P. robiniae. This is simultaneously the first record of the species in Slovakia. The first O. robiniae larvae parasitized by P. robiniae were collected at the end of May 2007. The number increased steadily to the maximum at the end of vegetation. Higher levels of parasitism were found between August and October (despite of site) and lower in June and July. Sex ratio in favor of females (1.8:1) was noticed in P. robiniae. In addition to P. robiniae, only very polyphagous, primary and secondary parasitoid, Eupelmus urozonus Dalman, 1820 (Hymenoptera: Eupelmidae) was recorded in both years. This species occurred at seven sites from June till mid August. The rest of parasitoids found had relative abundance far below 1% and occurred only very infrequently (Table 1) . Very interesting species was Chrysocharis sp. (Hymenoptera: Eulophidae). The species name is not described, but it is a new species for European fauna, possibly from North America (not published yet; Cs. Thuróczy, pers. comm.). The highest diversity of parasitoids during the study was recorded at Levice (four species), and two species at Ipeľské Predmostie, Ipeľský Sokolec, Kamenica nad Hronom, and Nitra. The rest of sites yielded only one species -P. robiniae. Altogether 21,435 galls from black locust leaflets were evaluated. A detailed analysis of the galls revealed that the mutual impact of natural enemies had quite devastating effect on O. robiniae population. The significance of our finding was tempered by sample size (various sites). Even thought as a tendency, parasitism and predation rates were increasing from negligible in May till the stable average summer and fall rates around 20% attacked galls. The total impact of bushcrickets observed was slightly higher in 2007 and lower in 2008 than the impact of parasitoids (Figs 1, 2) . The predation of galled leaflets varied from 7.8 ± 10.7% in October to 15.8 ± 13.9% during July 2007 and from 1.7 ± 2.16% in May to 7.5 ± 2.32% during September 2008. Maximum predation levels reached more than 50% preyed galls at nine sites during July -August 2007.
The frequency of parasitized galls accounted similar pattern in both years. At the beginning it was very low (May -June), then increased greatly toward the August and October in 2007 (10.9 ± 7.3 3 ± 6.4 3.7 ± 3 . 6 0 1 . 2± 1.4 0.7 ± 0.7 July 2.3 ± 1.9 0,3 ± 0.6 1.2 ± 1.4 11.0 ± 7.1 8.7 ± 12.0 6.6 ± 5.9 6.4 ± 3.0 1.3 ± 1.4 0.6 ± 0.6 August 10.0 ± 4.3 13.7 ± 9.2 43.0 ± 2.8 84.5 ± 1.7 29.2 ± 4.2 29.0 ± 4.5 5.0 ± 0.7 6.1 ± 2.8 18.0 ± 8.5 September 13.8 ± 1.4 33.3 ± 0.7 10.7 ± 0.7 x 1 x 1 21.7 ± 13.0 70.1 ± 2.1 33.9 ± 6.4 47.6 ± 1.7
Explanations: 1 Not evaluated during that period; 2 SD = standard deviation.
and 9.5 ± 8.3%), and September 2008 (15.0 ± 5.4%) (Figs 1, 2) . The highest presence of parasitized galls, more than 20%, was observed at seven sites during July -October 2007. Greater frequency of parasitized galls was more obvious within larger settlements (Nitra, Levice) and the sites situated along railways (Kamenica nad Hronom, Ipeľský Sokolec) than it was in the countryside (Vinica, Ipeľské Predmostie, Pastovce, Demandice, Sazdice). Countertendency was recorded for the predation (Fig. 3) . The whole season (end of May -September 2008) average of parasitized galls ranged from 5.5 ± 3.9% (Vinica) to 11.9 ± 5.4% (Levice), while those of preyed galls from 2.2 ± 1.7% (Levice) to 7.6 ± 4.8% (Pastovce). The total number of damaged galls (parasitized along with prayed) within the year 2008 fluctuated from 8.5 ± 5.8% (Vinica) to 16.0 ± 5.1% (Nitra) (Fig. 3) .
To provide a more detailed insight into parasitization of O. robiniae, 6,761 developmental stages (larvae, pupae) were carefully screened during the vegetation period of 2008. The results confirmed the pattern of parasitism as it was described above for parasitized galls (Fig. 4) , i.e., gradual slow increase in the first half of the vegetation period and then steep increase in the late summer and fall season. Parasitism of the gall midge larvae tends to be up 26.0 ± 7.24% at an average during August and September (Fig. 4) and it was frequently over 30% in the most of the checked sites (Table 2) . A month of the highest parasitism was site dependent. There was a culmination of infestation during August at four sites and during September at five sites. Maximum parasitism of gall midge larvae reached 84.5 ± 1.7% at Kamenica nad Hronom in August and 70.1 ± 2.1% at Pastovce in September (Table 2) . Annual (end May -September) larval parasitism varied from 5.4 to 10.8% throughout the en- tire region checked. The same as for parasitized galls, greater annual parasitism was recorded within larger settlements (Nitra, Levice) and the sites situated along railways (Kamenica nad Hronom, Ipeľský Sokolec) than it was in the countryside (Vinica, Ipeľské Predmostie, Pastovce, Demandice, Sazdice) (Fig. 5) . Results also indicated that parasitoids (P. robiniae) were very efficient in exploiting galls. Average parasitization per exploited gall was mostly 100% (in the case of 97% parasitized galls; data not shown here) and that parasitoids are capable of consistently regulating gall midge population.
Discussion
It is a majority rule, that invader leaves natural enemies behind, encounters few new enemies, thus can experience a demographic release and becomes a pest (Torchin et al. 2003) . Natural enemies in the introduced range are therefore supposed to need time to adapt before they may succeed in reducing the ecological threats of a successful invader (Grabenweger et al. 2010) . Obolodiplosis robiniae is obviously exception to the rule. This newly introduced gall midge is nowadays a usual insect in southern Slovakia. One year after the first record the most frequent infestation ratio of black locust trees ranged between 10 and 30% (Tóth et al. 2009 ). Such a low infestation ratio seems to suggest the beginning of the invasion or possibly represents the infestation capacity of the species because of the high mortality due to parasitization. The present study pointed out the possible reason of this anomaly. Here we report that the influence of natural enemies on the demographic success of O. robiniae is substantial. It is clearly shown that, e.g., the midge Rhopalomyia californica Felt, 1908 (Diptera: Cecidomyiidae) can outbreak and kill Baccharis pilularis (Asteraceae) without parasitoids (Briggs 1993) . On the other hand, midge populations in the field nearly always have parasitoids associated with them and outbreaks are rare under natural conditions (Darouzet-Nardi et al. 2006) . The natural enemies' guild of O. robiniae consists of eight hymenopteran parasitoids (Table 1 ) and a predator T. viridissima in Slovakia. The average cumulative impact due to these natural enemies was stably around 20% attacked galls during summer and fall season (Figs 1,  2) . Annual (end of May -September) mean of the parasitization rates were generally quite low, ranging mostly from 5.4 to 10.8% throughout all sites. On the other side, the late season (August -September) average parasitism of the gall midge larvae achieved 26.0% (Fig. 3) and often exceeded 40% of parasitized larvae (Table 2 ). These data are analogous to the R. californica parasitism (Briggs 1993) and such rates are regarded as very high in cecidomyiid populations (Gagné 1989) and show evidence of high parasitoids efficiency in gall midge control. Little is known about O. robiniae parasitization in North America but a number of larvae were parasitized in Italy (Buhl & Duso 2008 ). There are only two known accounts about larval parasitization in Europe until now, 15.6% parasitism is reported from Croatia (Pernek & Matošević 2009 ) and up to 41% in Serbia (Mihajlović et al. 2008) . It is difficult to compare the parasitism rates between the countries because of the small sample used for evaluation by the above mentioned authors. The parasitoid complex of O. robiniae determined during this study (Table 1) was surprisingly similar, in the matter of genera composition, to the parasite guild of North American midge species, e.g., R. californica (Ehler & Kinsey 1991) . While Platygaster californica (Hymenoptera: Platygastridae) tends to be dominant member of R. californica parasitoid guild, P. robiniae was absolutely predominant species at O. robiniae guild. P. robiniae originates from North America (Buhl & Duso 2008) . The life cycle of a parasitoid generation is perfectly synchronized with that of the host (Kim et al. 2011) , therefore it arrived highly probable in the same invasion wave as it host. The species is a koinobiont endoparasitoid, and develops as egg-larval parasitoid, parasitizing eggs of O. robiniae (Kim et al. 2011) . Platygastrinae are known only to parasitize Cecidomyiidae, with many associated with just a single host species (Austin et al. 2005 ) alternatively even host plant species (Buhl 2001) . Platygaster robiniae is markedly no exception. This species was also the only parasitoid present at all sites, irrespective of sampling period. Our data showed that P. robiniae is very efficient in exploiting midge galls. Besides, the sex ratio in favor of females (1.8 : 1 in our case) increases population efficiency (Robinson 1983) . The second most abundant species in our samples, which accounted only for about 1% of the parasitoids, was very polyphagous (Askew 1961 ) primary and secondary ectoparasitoid, E. urozonus. Very interesting and probably a new species of Slovak fauna was primary ectoparasitoid Torymus sp. (Hymenoptera: Torymidae). Toryminae mostly attack gall-forming insects (Grissell 1995) . An undescribed prepupal idiobiont, Aprostocetus sp. (Hymenoptera: Eulophidae) belongs to a large and worldwide genus of subfamily Tetrastichinae. Aprostocetus species have a wide host range, including gall midges Dasineura oxycoccana (Johnson, 1899) and Prodiplosis vaccinii (Felt, 1926) (Diptera: Cecidomyiidae). Interestingly half of these midges received Aprostocetus eggs when already contained larvae of P. californica (Sampson et al. 2006 ). It appears that another eulophid, Chrysocharis sp. was introduced to the Europe similarly as P. robiniae (Cs. Thuróczi pers. comm.). Generally, Chrysocharis species are primary parasitoids of leaf-mining lepidopterous, dipterous and hymenopterous larvae (Yefremova & Erlebach 2001) .
It was predicted that the parasitoids attacking novel hosts should have a wide host range. This was not found to be the case here. There is every indication that O. robiniae possessed by specialized parasitoid is not a "typical" invading host, which is first attacked at low rates by a species-poor complex of mainly generalist species, e.g., C. ohridella (Grabenweger et al. 2010) .
Only little is known about the presence and impact of native predators of recent invaders on trees. Solely Grabenweger et al. (2005) described predator complex of C. ohridella. Birds and bushcricket Meconema meridionale (Costa, 1860) showed a measurable impact on the host. Obolodiplosis robiniae suffered from other bushcricket, T. viridissima. This species is mostly carnivorous and generalist insect (Guillet et al. 2000) . It has shown distinct feeding of O. robiniae galls and efficient locating of gall midge larvae during the study. Our data indicated that bushcrickets might be as efficient as parasitoids (Figs 1, 2, 4) . Bushcrickets larvae can appear in the field as early as April, they need months for growth and reproduction (Ingrisch 1985) and they are capable of moving over extensive distances (Dadour 1990) . Tettigonia viridissima therefore play probably an important and stable role at gall midge regulation especially during lack of parasitoids from May to July.
The level of parasitism found during this study clearly corresponded with the level of black locust infestation. Greater infestation of black locust by O. robiniae was noticed within the larger settlements and the sites situated along the most important transportation highways to previously infested countries than it was in the countryside or farmland (Tóth et al. 2009 ). Therefore, there was not much surprising to record the highest rates of parasitized galls, parasitized larvae and the richer spectrum of parasitoids just in the towns (Nitra, Levice) or along railways (Kamenica nad Hronom, Ipeľský Sokolec) (Figs 4, 5; Table 2 ). The other way round, the lowest rates of parasitized galls but then the highest rates of preyed galls were observed around villages in the countryside (Fig. 4) . It was apparent that bushcrickets preferred the steadier environment.
The present data show that impact of natural enemies on O. robiniae invasion is substantial and to date, there is little evidence that gall midge represents a major risk for R. pseudoacacia or forest stands in Europe. We also suppose that the parasitism, which is already quite high, will increase with time like native natural enemies adapt to invasive gall midge. This invasion provides an excellent opportunity to study the insertion of new species into an existing parasitoid community and could improve our knowledge and understanding of the invading species' population biology.
